X-Ray Fluorescence
(thanks to Joe Jaklevic, Engineering Div. LBNL)

When excited by radiation of sufficient energy, atoms emit
characteristic x-rays that can be used to detect trace
contaminants.
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The incident radiation can be broad-band, as long as it contains
components of higher energy than the atomic transitions of the atoms
to be detected.

Energy of the K and L absorption edges vs. atomic number Z.
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X-ray fluorescence can provide high sensitivity with small samples.
Spectrum taken from 2 pl (1 mm?) of blood.

Concentrations are given in parts per million

11 14 1 1 i L] T LS R 9 -
- —
o~ -
- 2500 2 ul Whole Blood (air dried) <
C Fe ]
- ’ -
K

10t E =
— -
- .
- 10 -

B Zn Br oy

=
| ; :
S = 3
- » 10 1.5 .
- Cu -
1.5 _
Se
Pb
102 E w \ =
1 1 J 1. 1 2. 1
4 8 12 16

X-ray energy (keV)

Note the Pb peak (measurement taken before the introduction of
unleaded gasoline).
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The sensitivity is limited by background.

In part, the signal-to-background ratio can be improved by judicious
choice of the excitation energy.
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Note the increase in cross section with energy. Using the smallest
possible excitation energy for a specific element reduces background
from higher energy transitions.
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Air sample, particles captured on filter, particle size < 2.5 um.

T T T

T T
(460) (ng/cm?)

T
Bl
1nr‘u Vv

T TTTT0
LIl

Ly

IR AALLL
=
—
[——

L LI

IBRRRAALL

LLitt

T TTTIT

(o)

Ly

RELATIVE COUNTS (LOGARITHMIC)
BRI EALLL

(290)

B
\ A ﬂ;
TV

ENERGY

IBRRAAALL

IR

L L1110l

LER BB RALL
A——

IIRBARAL
L

The upper edge of the spectrum indicates the excitation energy.

Note the As peak in the lower spectrum, which is obscured by more
intense peaks from other elements at higher excitation.

At low excitation energies (<10 keV) emissions from high Z elements
and high order transitions are significantly reduced.
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